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scheme of the storage ring
with FIR ports

BESSY II storage ringBESSY II storage ring
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storage ring
- nom. energy 1.7 GeV
- circumference 240 m
- nat. emittance 5.5 nm rad
- rf-frequency 500 Mhz
- max. current 400 mA

Booster Synchrotron
- Full Energy (1.9 GeV)
- 10 Hz
- Circumference 96 m

IRIS

FIR
DIAG.

time structure:
400 rf-buckets
800 ns revolution time
1.25 MHz revolution frequency

2 ns

15 ps rms

~3 ps @ low alpha
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N=number of electrons, f=form factor
f= power spectrum of longitudinal bunch density
incoherent P~N , coherent P~N
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Coherent radiation from electron bunchesCoherent radiation from electron bunches
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emitted SR-power

N

FIR detector window

power vers number
of electrons

electron bunch length
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Coherent Radiation from Electron BunchesCoherent Radiation from Electron Bunches

low alpha optics: dL/L= dp/p�

dedicated optics for bunch manipulation
- bunch length from 5mm to ~1mm (rms)
- deviation from Gaussian shape

G.Wüstefeld, CSR in Storage Rings, Napa, 28.10.2002, p.4

alpha synch. tune
[1/10**5] [kHz]

72 7.2
13 3.0
5.6 2.0
1.4 1.0
0.7 0.7
0.07 0.22
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CSR at BESSY IICSR at BESSY II
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example: alpha dependency on momentum
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experimental set upexperimental set up
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FIR diagnostic port IRIS beamline

e-beam

���� ����	
���	�


���������� �� 	
��
�

���������� ���� 	
��
�



BESSY, Albert-Einstein-Straße 15, 12489 Berlin, Germany

LHe-cooled detectorsLHe-cooled detectors
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CSR in user optics, bursting emission

Si-bolometer (IRIS) =1 ms�

pulse shape given by the
detector time constant
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LHe-cooled detectorsLHe-cooled detectors
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InSb-bolometer 1 µs��

steady state emission bursting emission

CSR low alpha mode CSR user optics mode

see Phys. Rev. Lett. 88, 2548011-2548014, 2002
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LHe-cooled detectorsLHe-cooled detectors
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InSb-bolometer 1 µs��

user optics: burstings CSR emission

time-averaged burststime resolved burst

correlation between
adjacent bursts

see Phys. Rev. Lett. 88, 2548011-2548014, 2002
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LHe-cooled detectorsLHe-cooled detectors
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HEB (DLR), =20 ps�

example:
bunch resolved THz-emission

synchr. frequency=1.8 kHz
5.8 mA and 52 bunches

black dots = bunch current signal
red lines = infrared signal
bunch separation = 2ns
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measured spectral content

- current dependence of spectra
and gain coherent/incoherent

- emitted power grows stronger than N
total power ~1 mW (100 bunches)
~about 1/4000 of total emitted power

- power gain up to 100 000 compared to
incoherent power

2

characterization of the radiationcharacterization of the radiation

G.Wüstefeld, CSR in Storage Rings, Napa, 28.10.2002, p.11

EPAC 2002, Abo-Bakr et al.
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current threshold of the powerspectrum

characterization of the radiationcharacterization of the radiation

���������	
� �� �� ������ ������ ����� ����������� ����

������� ���������� 	
 �	���������� 
�����	��� ������	�� 	
 �	����������

���� �����	��
 ��� ����



BESSY, Albert-Einstein-Straße 15, 12489 Berlin, Germany

spectral dependency on basic parameters

rf-voltage and energy
dependence of the spectra

- CSR power gain by changing
energy 1.7 - 1.19 GeV, fs(max)=1.9kHz

- 10 times more power changing
rf-voltage 0.6 keV - 1.3 keV
fs(max)=1.1kHz, I=0.05mA/bunch

- 14 times enhancement changing

the from 1 10 to 04 10� . -3 . -3

-dependency�

characterization of the radiationcharacterization of the radiation
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100 A�
75 A�

73 A�

71 A�
65 A�

62 A�
23 A�Normalized by I**2

50 A bunch current�



������ ���	
������	����
��	 ��� ����� �	
��� �	
����

characterization of the radiationcharacterization of the radiation
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power spectra generated by different beam optics
and at different currents
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CSR brillance compared with Hg-lamp

up to 1000 more THz power
can be focussed to a 2 mm
aperture compared to Hg-lamp

coherent radiation shows 98%
polarization degree in the ring
level as expected for incohe-
rent radiation

CSR polarization at FIR diagnostic port

characterization of the radiationcharacterization of the radiation

G.Wüstefeld, CSR in Storage Rings, Napa, 28.10.2002, p.15
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detecting electron beam instabilities and thresholds. Transition
of periodic to chaotic bursting in single bunch mode

beam diagnostics with THz radiationbeam diagnostics with THz radiation
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beam diagnostics with THz radiationbeam diagnostics with THz radiation
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CSR at BESSY IICSR at BESSY II
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CSR at BESSY IICSR at BESSY II
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CSR at BESSY IICSR at BESSY II
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Beam and instability parameters for ALS and BESSY II
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ALS
1.5
1.4E-3
7E-4

31.3
4
1

30
0.7
1.2E3

400
4.7E-5

E/GeV

<R>/m
R/m
b/cm
I /mA

/cm

/m
R/b

R/(2 **1.5)
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BESSY II
1.7
0.73E-3
7E-4
38.2
4.35
1.75

15
0.5
1.6E3

250
3.4E-5
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